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XXXIII.—I. On the Estimation of Carbon in Organic Substances by the Kjeldahl Method.
II. Its Application to the Analysis of Potable Waters. By CHARLES HUNTER
STEWART, D . S C , M.B.* (From the Public Health Laboratory of the University
of Edinburgh.) (With Two Plates.)
An easy and yet accurate method of determining carbon and nitrogen in organic
substances has long been a desideratum, especially among those engaged in the applica-
tion of chemistry to biological, hygienic, and agricultural questions. For the deter-
mination of nitrogen the method of DUMAS, with its numerous modifications, is still the
only one applicable in all cases, but the time required for it, and the manipulative
dexterity necessary, has prevented its wide application for the above-named purposes.
The method of WILL and VARRENTRAP, though less generally applicable, is easier, and, until
the publication of KJELDAHL'S t method, was most frequently used in applied chemistry.
KJELDAHL claims for his method the same applicability and as great accuracy as the Will
and Varrentrap method, with the added advantage of greater ease in working.
The Kjeldahl method is founded on the fact that most nitrogenous organic substances,
when heated along with strong sulphuric acid, are decomposed,. their nitrogen being
converted into ammonia, which, in presence of the sulphuric acid, forms sulphate of
ammonia. The modus operandi given by him is as follows. The weighed quantity of
the substance (which may vary from 0#l gramme to 0*7 gramme according to the
percentage of nitrogen) is introduced into a long-necked bohemian glass flask of about
100 c.c. capacity, and 10 c.c. of strong sulphuric acid added. The flask is now supported
in an inclined position on the ring of a retort stand covered with wire gauze and heated
by a low flame. After the action has been well established, the flame is raised until the
acid begins to boil. The heating is continued till the colour of the acid is pale yellow.
The time required varies with the substance, but in the majority of cases two to three
hours is sufficient. The flame is now removed and the flask and its contents allowed to
cool. When perfectly cool, a few grains of powdered permanganate of potassium is
dusted in and the flask again heated with a low flame for five or ten minutes. When the
colour of the acid has become green the reaction is ended. There is no loss of ammonia
in the process, either in the original heating with sulphuric acid or in the subsequent
treatment with permanganate of potassium, if carried out in the way described. A
known quantity of sulphate of ammonia, heated with strong sulphuric acid and subse-
quently treated with permanganate of potassium, gave, on neutralisation and distillation, the
amount of ammonia used. KJELDAHL points out that simple heating with sulphuric acid
for two to three hours will convert from 90 per cent, to 100 per cent, of the nitrogen
* Thesis for degree of D.Sc. (Depart, of Chemistry), University of Edinburgh,
t Zeitschrift filr Analytische Chemie, Band 22 (1883), p. 366, &c.
VOL. XXXVII. PART IV. (NO. 33). 5 X
r >-
l i
III-' j '.
"u
744 DR CHARLES HUNTER STEWART ON THE ESTIMATION OF
•it'
> < » • • • •
I
into ammonia in the case of easily decomposed bodies, as uric acid, asparagin, and most
albuminoid substances. Most of the alkaloids and all the aromatic bodies give, by simple
heating with sulphuric acid, a much smaller percentage of their nitrogen as ammonia.
When the reaction is ended, the flask is allowed to cool, and then the contents are
diluted with distilled water, emptied into a distilling flask, and made frankly alkaline
with a strong solution of caustic potash previously boiled and cooled. In the distillation
bumping must be avoided. 150 c.c. are distilled over and collected in an Erlenmyer
flask of 250 c.c. capacity, containing a measured quantity of ^u^h normal sulphuric acid.
This flask has a double-bored cork; through one of the holes passes the delivering end
of the condenser about half-way in, in the other there is a glass tube cut flush with the
cork inside, and opening free to the outside. The titration is done by -^ih normal
alkali, litmus being the indicator.
The following are some of the results given by him, compared with results by WILL
and VAURENTRAP'S method.
Triethylaniine,
Asparagin,
Uric acid,
Urea, .
Chloride of aniline,
Indigotin,
Hippuric acid,
Hydrochlorate of morphia,
„ „ quinine,
Caffein,
Casein,
Egg albumen,
KJELDAHL'S Method.
10*16 per cent, nitrogen.
18-7
331
466
10*65
10-6
7-75
421
7-47
28*6
15*6
15-3
WILL and VARRENTRAP.
10*18 per cent, nitrogen.
18*67
33*3
46*7
10*82
10*68
7*82
4*36
7*77
28*86
15-6
15*6
Many modifications of this process have been proposed, both for the purpose of
hastening the decomposition of the organic matter, and also for making it more generally
applicable. The more important among these are : (1) The addition of a small quantity of
phosphoric anhydride to the sulphuric acid. (This was first suggested by KJELDAHL
himself, but only in certain cases.) (2) The addition of about 0*5 gramme anhydrous
sulphate of copper and about 1 gramme metallic mercury.
An elaborate investigation into this whole question was made by DAFERT.* Eegard-
ing the action of the sulphuric acid itself, he says (p. 329): "The sulphuric acid
withdraws from the nitrogenous substance the elements of water and ammonia with the
formation of the latter."
" The sulphurous acid formed during the decomposition acts in a reducing way on
* Beitrage zur Kentniss des Kjeldahlschen SticJcstoff-Bestimmungsverfahrert ; Landinrthschaftlichen-Versuchs-Statioiien,
Band xxxiv., 1887.
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the nitrogenous compound." Regarding the action of the permanganate of potassium,
he says (pp. 335 and 336) : " I n the hot acid the added permanganate of potassium
decomposes the compounds of an organic nature still present in the fluid. The nitro-
genous part is chiefly so split up that a part or the whole of the nitrogen is converted
into ammonia. . . . In the quantitative estimation of nitrogen, the oxidation with
permanganate can be very advantageously used. Care must, however, be taken that
the substance has been long enough heated previously (with the acid) and also that not
too much be added."
KJELDAHL had previously pointed out that the sulphuric acid must first so far decom-
pose the substance to enable the permanganate to finish the reaction without loss of
nitrogen.
Regarding the action of sulphate of copper and mercury, these undoubtedly hasten
the reaction. They act probably as oxygen carriers to the substance, being alternately
oxidised and reduced. They are not, however, generally applicable. He says (p. 347) :
" Bodies which have little resistance to the action of sulphuric acid can suffer a loss of
nitrogen by the presence of these metallic substances causing too active an oxidation
while the ammonia is being formed by the action of the sulphuric acid." He concludes,
from his research, that the Kjeldahl process is applicable to all amides and ammonium
bases, pyridin and quinoline bodies, the alkaloids, albuminoid substances, &c.
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ESTIMATION OF CARBON IN ORGANIC SUBSTANCES BY THE KJELDAHL METHOD.
In the Archiv fur Hygiene, Band xiv., 1892, p. 364, Dr OKADA of Tokio described
an apparatus for this purpose, and gave a table showing his results. Fig. 1 is copied
from his paper. (A) is the flask in which the oxidation takes place, and is fitted with
a ground in glass tube which leads to an Erlenmyer s flask containing 100 c.c. distilled
water (B). This flask has two other tubes, one connecting it with the Wolffs bottle
(C) and another connecting it with a wash-bottle (G) containing baryta water. The
Wolffs bottle (C) is nearly one-half filled with a saturated solution of permanganate of
potassium and is connected with a Pettenkofer's carbonic absorption tube (D), and this in
turn with a water-pump. The capacity of (D) is over 300 c.c.'s. In conducting an experi-
ment, 20 c.c. of strong sulphuric acid and a small quantity of metallic mercury are put
into the flask (A), and then the amount of substance to be used, contained in a tinfoil boat,
is added. 300 c.c. of a strong baryta solution (37 grammes barium hydrate and 3 7
grammes barium chloride to 1 litre) is put into the absorption tube. A flame is applied
to the flask and the pump turned on to cause a slow current of air entering at the wash-
bottle (G) in the direction of the Pettenkofer absorption tube. When the reaction is
finished, i.e., when the sulphuric acid is colourless, air is allowed to pass through the
apparatus some time longer; the apparatus is then opened, the flame put out, and the
contents of the absorption tube poured into a tightly stoppered bottle and set aside to
HIm ;
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settle. In titrating this solution, 10 c.c. is used. This apparatus seems to the writer
inefficient for getting accurate results. ?
First—As to the method of closing the flask in which the combustion is carried
on. OKADA is aware of this, and points out that, considering the high pressure in the
inside of the flask, it is necessary to see that the ground glass tube fits tightly. But
"if this and the other connections are not tight the smell of sulphurous acid will make
it apparent." Any apparatus the accuracy of which requires such a proof cannot be
considered sufficient.
Second.—Considering the large quantity of carbonic acid (in some of his experiments
250 c.c.) produced, and the consequently larger amount of sulphurous acid that must be
produced at the same time, his means of absorption of both gases are insufficient. In
the writer's experience, two carbonic acid and two sulphurous acid tubes are necessary
in such an apparatus to ensure complete absorption of these gases, however strong the
respective solutions may be.
Third.—There is no sweeping out of the apparatus before the experiment and no
sweeping out of the combustion flask after the experiment. In the first case there
must be a gain, in the second a loss, of carbonic acid.
In 1892 the author communicated to the Royal Society of Edinburgh a paper
containing a description of an apparatus which he had devised for this purpose, as well
as the results he had obtained by its use. Fig. 2 shows the apparatus. (A) is a
long-necked bohemian glass flask of about 300 c.c. capacity, fitted with a rubber cork
having two holes bored through it. Through one hole passes a tube (the inlet tube)
to within 2 inches from the bottom of the flask. The end of the tube in the flask is
slightly bent down and slightly contracted. The part of the tube outside the flask
has a bulb blown on it which is closed at its outer end by a rubber tube and clip (B).
This tube is connected by rubber tubing and a T-tube with the series of bulbs and
tubes at (C). Through the other hole in the cork passes another tube (the outlet tube),
projecting about ^ inch into the flask, and connected at its outer end by means of a
T-tube with both the tubes and bulbs at (C) and the absorption flasks and tubes at (D).
(Di) is empty, (D2) and (D3) are half filled with a boiled and acidified saturated solution
of permanganate of potassium for the purpose of absorbing the sulphurous acid produced
in the reaction. (D4) is one-half filled with a solution of barium nitrate and silver
nitrate in order to catch any trace of sulphuric acid or hydrochloric acid which might
accidentally pass over. (D5) is empty and is connected by rubber tubing with two
tubes (E) containing baryta solution for absorbing the carbonic acid produced in the
reaction, and the second of these is connected by rubber tubing with a water-pump.
(Cx) contains strong sulphuric acid, (C2) and (C3) have their left limbs filled with
soda lime and their right limbs with fused chloride of calcium. (C4) contains a
strong solution of caustic soda. The tubes (E) are :: a modification of Petten-
kofer's tube. Fig. 3 (A) shows the ordinary Pettenkofer tube. Fig.' 3 - (B)
"til
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shows the modification as used by the author. The ordinary tube requires to be
filled by means of a pipette, and the author found that, with the utmost care, there
was a slight risk of .error, especially when working with strong solutions of baryta in the
laboratory, where the amount of carbonic acid is always greater than in outside air.
The possible error is not great, but if small quantities of organic substances are being
analysed, say 5 or 10 milligrams, the error is multiplied many times. In the subsequent
application of the method to water analysis even such a slight error would be serious.
The modification of the tube was devised for me by Mr MAITLAND GIBSON, B.SC, and in
every respect answers the purpose. It acts as its own pipette, containing 100 c.c. when
filled up to the mark near the bulb. The following is the method of filling. The
carefully washed and drained tube is rinsed out with the baryta solution to be used.
The end near the bulb is connected with the syphon tube from the store baryta solu-
tion bottle by the usual clip and rubber connection, and the other end is connected with
a water-pump. When the pump is turned on, and the clip released, sufficient baryta
solution is sucked into the tube, which is then disconnected from the pump and storage
jbottle. Any excess is allowed to flow out till the level of the fluid is at the mark. The
connections between (D5) and (Ex), between (E^ and (E2), and (E2) and the pump are made
with tight rubber tubing vaselined inside. The other connections are rubber wired. In
conducting an analysis the weighed quantity of the substance in a platinum boat is
gently slid into the flask, taking care to avoid sparking of the substance on the inside
wall. The pump is put in connection with (D5), and the rubber connected with the outlet
tube clipped at (a) and air aspirated through the flask and the rest of the system for
Jnalf-an-hour. This is to replace all the air in the apparatus by air free from carbonic
acid, &c. The rubber at (D5) is now clipped, the pump disconnected, and the tubes filled
with baryta solution connected up. The cork of the flask is now removed and 10 or 20
c.c. of pure strong sulphuric acid put into the flask, taking care to prevent any acid
touching the neck of the flask where the cork is to be placed. The cork is quickly
replaced, (b) is clipped and (a) is opened, the pump now slightly turned on and the clip
at (D5) opened. When bells of air are freely passing through the tubes a low flame is
applied to the flask. The heating is continued till the sulphuric acid becomes of a pale
straw colour. The current of air during the heating does not pass into the flask, but is
sufficient to determine a slow current of the gaseous contents of the flask in the direction
of the absorption tubes at (D) and (E). After the flame has been removed and cooling
begun, there is apt to be a very rapid suction of air into the flask, and hence, to avoid any
risk of the baryta solution being sucked back, the pump should be turned on a little
more for a few minutes. When the contents of the flask have cooled, 3 or 4 c.c/s of a
boiled and cooled saturated and acidified solution of permanganate of potassium is added
by the bulb (B). It is added by means of a pipette with a fine limb, the clip at (B) is
relieved and the limb of the pipette inserted so as to be tightly grasped by the rubber.
This prevents any ingress or egress of air during the operation. The pipette is with-
drawn and the clip replaced. A low flame is now applied and the acid heated for about
•I , " 5 :
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ten minutes. Should the acid quickly become decolorised, then probably too little
permanganate has been added, and the flask must again be cooled and more added until
the colour, after again gently heating, remains greenish or pinkish. (The author has
found a second addition of permanganate necessary only in such substances as narcotine
or naphthaline.) The flame is now removed and the flask cooled with the same pre-
cautions as previously. When cool, the tube is clipped at (a) and the clip at (h) opened
and the entire system swept out for half-an-hour. The operation is now entirely ended.
The tube at (D5) is clipped, the pump turned off a little though not altogether, (E2) is
disconnected from (D6) and the pump immediately turned off. The contents of the
baryta tubes are emptied into bottles with well-ground glass stoppers, which had
previously been rinsed out with some baryta solution and drained. The stoppers are sealed
with paraffin. Eight to twelve hours are necessary for the precipitate to entirely settle.
[In a paper, " On the Variations of the Amount of Carbonic Acid in the Ground-Air,"* the
author has detailed experiments which he made, proving that, during such work as the
above, the glass of the tubes or bottles has no effect in altering the titre of the baryta
solution.] The contents of the combustion flask are ready for dilution, neutralisation,
and distillation as in the ordinary Kjeldahl process for the estimation of nitrogen. In
the estimation of the carbon the acid which I have used for titration is the same as
recommended by PETTENKOFER for the estimation of carbonic acid in air. It is made by
dissolving 1*4107 grammes recrystallised and air-dried oxalic acid in 1 litre distilled
water. Each c.c. of this is equivalent in power of combining with baryta or other base
to 0*25 c.c. carbonic acid at 0° C. and 760ms* Each tube, as we have seen, contains
100 c.c. baryta solution. Instead of titrating the whole 100 c.c.'s with an acid each c.c,
of which is equivalent to 1 c.c. of carbonic acid, 25 c.c. (one-quarter of the whole) is
titrated with an acid each c.c. of which is equivalent to one-quarter of a c.c. of carbonic
acid. In both cases the number of c.c.'s of oxalic acid solution used is the number of
c.c/s of carbonic acid which 100 c.c. of the baryta solution is equivalent to. Three
separate titrations can be made from the contents of each tube without disturbing the
precipitated carbonate of barium, giving thus an opportunity of checking the work. The
oxalic acid solution should be prepared at least weekly. Where few determinations
require to be made, a solution of sulphuric acid is more convenient on account of its
stability. The indicator used in the experiments was phenol-phthaleine. The strength
of baryta solution was such that each 100 c.c. was equivalent in combining power to
between 45 and 50 c.c.'s carbonic acid at 0° C. and 760ms' As, in some of the
experiments with organic substances, very small quantities were used, every means known
to the author of making the method of titration accurate and consistent with itself was
used. This was especially necessary in applying the method to the analysis of potable
waters. At the risk of being tedious these may be shortly described.
First.—About five-sixths of the amount of oxalic acid solution which would likely be
necessary for the titration was run into the titrating flask and the indicator added. The
* Trans. Roy. Soc. Edin.f vol. xxxvii.
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25 c.c. of baryta solution was now added, and being directly discharged into the acid and
mostly neutralised, the danger of change of titre by exposure to air of the flask was
reduced to a minimum. More oxalic acid was now added till the pink colour just
disappeared. The baryta solution which had adhered to the wall of the pipette mean-
while had run together, and there was always at least one drop could be got out of it
by closing the upper end with the finger and warming the bulb with the hand. This
restored the colour again, which would probably disappear with one-half drop of the acid.
Using a burette graduated to tenths of a c.c. one can easily work to one-twentieth c.c.
Second.—Reading the burette.
By the time the titration was finished the oxalic acid solution had time to drain
down, and thus the reading gave the exact number of c.c.'s used.
Example of the analysis of uric acid ; quantity used, 7 milligrams.
Titre of baryta solution—25 c.c. require 45*4 c.c. acid solution.
After the experiment.
No. 1 TUBE.
1st Titration,
2nd
25 c.c. require 41*8 c.c. acid solution.
„ 41-85 c.c. „
1st Titration,
2nd
TUBE.
45-4 -
45*4 -
Mean =
25 c.c. require
Mean =
41-825 =
443 =
41-825 c.c.
44*3 c.c. acid solution
44*3 c.c.
44-3 c.c.
3575
11
Subtracting from original baryta solution
Total carbonic acid, 4"675 c.c.
= 2*51 milligrams carbon.
2*51 milligrams of carbon in 7 milligrams uric acid = 35*86 per cent, of carbon.
The amount of carbon theoretically is 3571 per cent.
„ „ calculated from combustion, 36*53 per cent.
Table I. contains the results obtained by this method from five different substances
compared with the results got by combustion. The combustions were made for me in
the Public Health Laboratory by Mr MAITLAND GIBSON, B.SC.
Note.—If the air be allowed to sweep through the flask during the heating of the sulphuric acid, some
of this latter will almost certainly be found in the baryta solution. The solution of barium nitrate and
silver nitrate is to fix any trace that might come over by accident. Conducting the method as described, no
sulphuric acid ever gets to (D4).
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APPLICATION OF THE KJELDAHL METHOD TO THE ANALYSIS OF POTABLE WATERS.
The application of the Kjeldahl process (for the determination of nitrogen) to the
analysis of potable waters has been a good deal studied both in this country and
America. In 1888 Dr J. A. BLAIR worked at it in the Public Health Laboratory of the
University of Edinburgh, and his results were submitted as a Thesis.
Messrs DROWN and MARTIN # give an account of its application to a number of potable
waters in America, and also the comparison between the amount of albuminoid ammonia
got by the Wanklyn method and the organic nitrogen calculated as ammonia by the
Kjeldahl method. In ninety-one surface waters examined by them they found the
following as an average :—
Albuminoid Ammonia, WANKLYN. Organic Ammonia, KJELDAHL.
0-0224 per 100,000 0*04958
Converting the Kjeldahl results into nitrogen, we have organic nitrogen, 0*0408
They consider the addition of permanganate of potassium unnecessary in the operation.
Eegarding the influence of nitrates or nitrites, they say: " We have not found that
the presence of nitrates and nitrites in water interferes with the accurate determination
of the organic nitrogen. The error, which has been found by KJELDAHL and WARRINGTON
to be caused by nitrates in the determination of organic nitrogen, seems to disappear
under the conditions of great dilution which we have in natural waters."
This statement is founded on the following experiments. From a large vessel of
water three different portions of 500 c.c. each were taken.
Organic nitrogen, .
This point will be referred to later.
Kb. 1.
With nothing added.
0-0354
No. 2.
With 0-7 mgrms., KN03.
0'0354
No. 3.
With 0*6 mgrms., KN02.
0*0365
* Chemical News, vol. 59, p. 272 (1889).
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ESTIMATION OF CARBON IN THE ANALYSIS OF POTABLE WATER.
TIEMANN and GARTNER # give a full account of the method of WOLFF, DEGENER,
and HERZFELD for " estimating the carbon in the non-volatile organic substances contained
in drinking waters."
Half a litre of the water is distilled until the residue in the retort is about 300 c.c.
In the distillate the volatile organic matter is estimated in terms of the amount of
permanganate of potassium used up in its oxidation. The residue in the retort is
evaporated down in a platinum dish to about 15 c.c. and then emptied into a flask of
about 300 c.c. capacity. The retort and platinum dish are rinsed out with about 10 c.c.
diluted sulphuric acid, and this is added to the contents of the flask and the whole
gently warmed to get rid of any carbonic acid from carbonates present in the water.
After cooling, 10 grammes of powdered bichromate of potassium are added, and the flask
(A) connected up with the apparatus as shown in Fig. 4. The flask is closed by a
rubber cork through which pass a thermometer, a funnel tube (6), and an exit tube
connected with a condenser (B), which is in turn connected with two U-tubes (C) and (E),
containing calcium chloride, and a third tube (D), containing ground metallic antimony.
F is a caustic potash bulb for absorbing the carbonic acid evolved in the operation.
The tube (d) is to prevent any ehance of a reflux of carbonic acid or moisture, and is
continued by means of rubber tubing to a water-pump. To conduct the experiment 50
c.c. of diluted sulphuric acid (three parts acid and two parts water) are added to the flask
by means of the funnel tube (6), the stopcock of which is then closed. A low flame
is now applied to the flask, and after heating for about an hour it is boiled for about
ten minutes, and the pump turned on and the stopcock of the funnel tube opened.
Carbonic acid free air is sucked through the apparatus for twenty minutes in order to
sweep out the carbonic acid produced in the combustion. The metallic antimony in
tube (D) is for the purpose of absorbing any chlorine produced from chlorides in the
water. The potash bulb is disconnected and weighed; the increase in weight represents
the carbonic acid produced in the operation. This method is in use on the Continent
for the analysis of potable waters. WiNOGRADSKY,t in a research on Nitrification, used
it for determining the carbon in organic matter; but for determining nitrogen he used
the ordinary Kjeldahl method. In common with other observers, he has found the
method to give too low results.
* Die Ghemische und Microscopische Untersuchung des Wassers, 1889, p. 247, &c.
t Annales de VInstitut Pasteur, Tom. 4, 1890, p. 257, &c.
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THE ESTIMATION OF CARBON AND NITROGEN IN POTABLE WATER.
(The Author's Method.)
500 c.c. of the water are evaporated down over a flame in a bohemian glass flask
(similar to that used in the determination of carbon and nitrogen in organic substances)
to about 100 c.c. This gets rid of the "Free Ammonia." Should the water be very-
impure a few drops of caustic alkali must be added previous to evaporation. Meanwhile,
the presence of nitrates has been tested for in another sample of the water, and, if present,
their amount quantitatively determined. If no nitrates be present, or their amount less
than 1 grain nitrate of potassium per gallon of the water, then 3 c.c. of diluted sulphuric
acid (or enough to make the water distinctly acid) is added to the residue in the flask
and the evaporation continued to about 15 c.c. This can be done quite easily without
any risk of decomposing the organic matter. This treatment frees the water residue
from carbonic acid derived from carbonates. The flask is now connected up with the
apparatus which has already been described, and the process conducted exactly in the
same way as for the determination of carbon and nitrogen already described, except that
no permanganate of potassium requires to be added. The author found, from numerous
experiments on the same water, with and without addition of permanganate, that the
same results were got. In the examination of sewage the addition of permanganate
is advisable. Though the amount of carbonic acid evolved in water analysis is small,
two carbonic acid absorption tubes are necessary. In all the experiments some carbonic
acid has been found in the second tube. The rate at which the air is aspirated through
the apparatus is about 5 litres per hour.
ESTIMATION OF THE NITROGEN.
Into a distillation flask an amount of 10 per cent, caustic soda solution—rather more
than is necessary to completely neutralise the contents of the combustion flask—is put,
and rendered ammonia free by distillation and allowed to cool. To this is added the
diluted and cooled contents of the combustion flask and the whole distilled. 200 c.c.
collected in a marked flask is taken over and the ammonia estimated by NESSLER'S
reagent, the ordinary standard solution of chloride of ammonium, 1 c.c. contains 0'01
milligram of ammonia, being used. In ordinary cases, 50 c.c. of the distillate is taken
for this purpose, but if the water be very impure, 25 c.c. may have to be taken, and
in extreme cases even less. In these latter cases it is better to operate on 250 c.c. of
the water rather than 500 c.c. The titration for carbonic acid has been already described.
There is always a trace of ammonia present in pure sulphuric acid, and this has to be
deducted from the total ammonia. As a rule, the pure sulphuric acid obtained in
Edinburgh contains in 10 c.c. about 0'03 milligram of ammonia. The exact amount
must of course be determined in each sample of the acid, and the bottle containing
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the acid must be kept away from any chance of contamination with ammonia or
organic matter.
Example:—
500 c.c. of Moorfoot water after nitration through sand at the Water Works, Alnwick Hill.
Tube No. 1 contained 2*9 c.c carbonic acid.
» „ 2 „ 0-45 c.c.
Total, .
= 1*8 milligrams carbon.
3'35 c.c.
200 cc. distillate containing ammonia.
Of this, 50 c.c. contained O'O495 milligrams ammonia.
0-0495 X 4=0'198 milligrams ammonia.
10 c.c. sulphuric acid contained 0*033 „
Total, . . 0-165
= 0*1358 milligrams organic nitrogen.
~ = 036
5
parts per 100,000 organic carbon.
0-1358
= 0-02716 nitrogen.
Should nitrates be present in the water in amount more than 1 grain of nitrate of
potassium per gallon, these must be got rid of prior to the combustion. After trying
several plans, e.g., addition of sulphurous acid, or bisulphite of potassium, to the water
during evaporation, the following was adopted as most reliable. From 5 to 10 c.c. of
a strong solution of ferrous sulphate (according to the amount of nitrate present) is
added to the flask after the water has been evaporated down to 100 c.c.'s, and the
evaporation continued as usual. This solution of ferrous sulphate is prepared as follows.
Ferrous oxide is precipitated from a strong solution of ordinary ferrous sulphate
by means of caustic potash. The precipitated oxide is washed by agitation with boiled
and cooled distilled water and decantation until the washings contain no sulphates. The
moist oxide is dissolved in the smallest quantity of pure sulphuric acid. This
treatment is necessary to free it of ammonia and organic matter. There is still, how-
ever, a trace of ammonia in the solution due to the sulphuric acid, and this must
be estimated and allowed for. The nitric acid is not decomposed by the ferrous
sulphate till the combustion has begun, and the nitric oxide formed, mixing with the
air in the apparatus, forms the brown fumes of trioxide and tetroxide of nitrogen.
In passing through the watery solution of permanganate of potassium they are
decomposed, according to the well-known reaction, into nitrous and nitric acid, which
remain in the fluid.
•I
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The following blank experiments were undertaken to test the tightness of the
connections in the apparatus. The clips were arranged for sweeping out. the whole
apparatus, the combustion flask was empty, and only one carbonic acid absorption
tube inserted.
No. I. Experiment:—
c.c.'s Oxalic Acid
Solution.
Original titre of )
, , , ,. > = 41'5 c.c.baryta solution J
c.c.'s Oxalic Acid
Solution.
After l i hours' aspiration f 1st Titration, 41*5 c.c. ")
.,
 2
, * <
 o , A-i AK {-mean, 41-475.
through apparatus, ( 2nd „ 41*45 c.c. J
No. II. Experiment;—
c.c.'s Oxalic Acid
Solution.
Original titre of )
, , , ,. > = 46*15 c.c.baryta solution J
c.c.'s Oxalic Acid
Solution.
After 3 hours' aspiration f 1st Titration, 46'05 c.c. )
,, , , i _ ,
 An - J-mean, 46'075.
through apparatus, (.2nd „ 46*1 c.c. J
No. Ill Experiment:—(Two absorption tubes used).
c.c.'s Oxalic Acid
Solution.
Original titre of ) , , „
baryta solution j c.c.
After 4 i hours' aspiration N
 l g t T i t r a t i o r i j 4 1 . g 5 c c
through apparatus, V
 2 n d 41'85 c.c.
No. 1 tube, )
No. 2 tube, 1st Titration, 41 9 c.c.( 2nd „ 41-9 c.c.
These fairly fall within the error of experiment.
Working error of the method.
A large bottle was filled with Edinburgh main water and of it four samples of
500 c.c. each were analysed. The following are the results per 100,000.
No. 1, . . .
2 . . .
„ 3,
„ 4, .
Mean,
Percentage difference from mean of cases above mean and below mean.
Carbon -f- 1*92 per cent. — 2*03 per cent.
Nitrogen -f 3*35 „ - 3'66
Organic Carbon.
0-3493
0*352
0-3412
0-333
03439
Organic Nitrogen.
0-0242
0*0255
00232
0-02306
0-0240
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Four samples of Loch Katrine water treated in same way.
No. 1, . . .
, , 2 ,
„ 3, .
, . 4 , . . .
Mean,
Percentage difference from mean of cases above and below mean.
Carbon -f 0*83 per cent. — 0'83 per cent.
Nitrogen + 1*67 „ - 1 7
Thus the mean working error in carbon is less than 2 per cent., and the mean working
error in nitrogen is less than 3 per cent., when working with an amount of organic matter
yielding less than 2 milligrams of carbon and less than 0#2 milligram nitrogen.
mic (Jarbon.
0*3116
0-3090
0-3063
0-3090
Organic Nitrogen.
0-0240
00234
0-02272
0*02372
0*02346
I !
Effect of presence of nitrates on the estimation of nitrogen.
The following experiments were made (in each experiment the samples were taken
from the same bottle of water):—
Experiment I.:—
Edinburgh Main Water,
Experiment II:—
Edinburgh Main Water,
Organic Organic
Carbon. Nitrogen.
0*3143 002354
+ *98 grain nitrate of potassium per gallon, 0'3116 0'02272
. 0*3116 002450
+ -98 grain nitrate of potassium per gallon, 0*3143 0*02450
+ 147 „ „ „ 0*3143 0-0232
Experiment III:—
Edinburgh Main Water, 02928 0-0219
+ '98 grain nitrate of potassium per gallon, 0'2910 0*0212
+ *98 „ „ „ 0-0219
+ 1-47 „ „ „ 0-0182
+ 1-47 „ „ „ 0-2928 0-01943
Experiment IV.:—
Edinburgh Main Water, 0*3412 0*02223
•f 1'98 grain nitrate of potassium per gallon, 0 3493 0*0206
+ 1-98 „ 0-3412 0-01795
The following shows the effect of the addition of ferrous sulphate as described:—
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Experiment V.:—
Edinburgh Main Water, 0*2418
„ „ +2 '96 grains nitrate of potassium per gallon, 0"2418
5> >> + 393 ,, ,, ,,
To these were added -\ .
5 c.c. solution fer- >-
 L 0 .Q^ " " "
t +^-yb ,, ,, „
0*0180
o-oo
000
0*0180
0-01878
1 1 .
rous sulphate,
In the foregoing experiments the mark ( ) means carbon not determined.
From the above experiments, it is evident that, when the amount of nitrate in a water
exceeds 1 grain per gallon of nitrate of potassium, it begins to have an effect on the
nitrogen; and at less than 3 grains per gallon the nitrogen in such waters as were
examined entirely disappears. In many highly polluted waters, When analysed by
KJELDAHL'S method without previous decomposition of the nitrates, there was no organic
nitrogen at all found. The treatment by ferrous sulphate always gave consistent results.
Though surface waters, like those analysed by Messrs DEOWN and MARTIN, contain,
as a rule, very little if any nitrate, a very large number of waters do. The author has
repeatedly this year examined waters with as much as 20 grains nitric acid (N2O5)
per gallon. These were waters in use for drinking purposes. If the report of the
Commission on the water supply of Britain (1876) be consulted, it will be seen how
many drinking waters have more than 1 grain per gallon.
Note.—Since the results on Table I. were obtained, the author has modified the apparatus slightly. The
bulb on the inlet tube with its rubber and clip arrangement has been replaced by one having two well-ground
stoppers, the one at the point of junction of the bulb with the tube and the other in the upper and outer
opening. This permits of the sulphuric acid being added without opening the flask as well as of adding the
permanganate solution. (See Fig. 5.)
TABLE I.
Name of Substance.
Urea, .
? > • •
, ,
J)
Uric Acid, .
»>
5) ' •
Creatine,
»
Narcotine,
it
JJ
Naphthaline,
"Weight taken.
Milligrams.
75
51
28
10-44
38
10-6
8-2
7-0
50-84
20
16-12
9-78
22-33
13-62
4-61
9-56
4-42
Calculated
from Com-
bustion.
Milligrams.
15-84
10-77
5-91
2-20
13*88
3-87
2-99
2-55
19-02
7-56
6 0 3
3-58
14-29
8-71
2-94
8-96
414
Found.
Milligrams.
15-79
10-89
5-88
223
13-88
3-89
2-90
2*51
18-46
7-47
5-82
3-54
14-03
8-63
2-89
9*00
4-14
Difference.
Milligrams.
•05
•12
•03
•03
o-o
0-02
0-09
0*04
0-56
0-09
0-21
0-04
0-26
0-08
0-05
0-04
o-o
Percentage by
Combustion.
21-12
5 )
55
J>
3653
5?
37*43
63:92
J>
93-75
j >
Percentage by
New Method.
21-05
21-37
21-00
21-42
36-53
36-69
35-50
35-86
36:29
36-99
36-19
36-95
62-84
63-38
62-66
94-14
9375
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A sample of Narcotine, the analysis of which had been made in the Chemical Labora-
tory of the University, was kindly given to the author by Professor CRUM BROWN. The
following is the result of analysis by the author's method, compared with the theoretical
yield and the amount got by combustion.
Theory. Combustion. New Method.
C a r b o n , . . . . 6 3 9 2 6 3 7 2 6 3 * 8 0
N i t r o g e n , . . . . 3 * 3 9 3 * 4 7 3 3 3
TABLE II.—Table showing the Results got by the Method in Various Waters.
Name of Water.
Filtered Moorfoot Water, .
JJ 5
JJ t
Unfiltered ,
Filtered
3
3
)
j
)
j
j >
> j
J >
? >
5 j
) 5
) • •
»
y
> • •
> «
Crummock Lake, Cumberland,
Bakewell Wate r Supply,
T a l k Water , . . . .
Fru id „ . . . .
Loch Katrine, . . . .
,, 20 ft. from surface,
40
60
80
100
120
140
St Mary's Loch, 20
40
60
J) v w J) 3?
80
100)> J. V V , , , ,
120
140
Loch Lomond, . . . .
Surface Well , Cheshire,
„ „ Forfarshire, .
5> J> J>
Caithness
„ „ East Lothian,
JJ J> >> •
„ „ Berwickshire,
it •>•> )>
„ „ Morayshire,
„ „ Lincolnshire, .
Date.
Sept. 27, 1893.
Oct. 6, „
j ) •*•*•> »
21
>> > t)
„ 27, „
Nov. 3, „
„ io, „
„ 17, „
„ 24, „
Dec. 4, „
,. 9, „
Jan. 16, 1894.
Mar. 24, „
>> >> »
April 16, ,,
Aug. 27, „
" 16, "
)> )> "
Dec. ' l , „
Free
Ammonia.
0-0002
o-oo
0-0005
0-0016
0-0004
o-oo
0*0002
o-ooio
0-0002
o-oo
not dete
o-oo
0-0008
not dete
0-0002
o-oo
o-oo
0-0002
o-oo
o-oo
o-oo
0-0004
o-oo
0-0004
o-oo
0-0008
o-oo
0-0006
o-oo
o-oo
0-0018
0-0005
0-0120
0-0590
o-oo
0-0004
o-oo
o-ooi
o-oo
0-0048
Parts per 100,000.
Albuminoid
Ammonia.
0-0066
0-0145
0-0108
0-0230
0-0118
0-0154
0-0138
0-0164
0-0140
0-0118
rmined.
0-006
0-005
rmined.
JJ
0-0048
0-0078
0-0072
0*0053
0*0058
0-0050
0-0068
0-0066
0-0098
0-0124
0-0072
0-0072
00056
0-0058
0-0080
0-0164
0-0146
0-0206
0-0206
0-0200
0-019
0-006
0-0038
0-0402
0-0078
0-030
Organic
Carbon.
0-344
0-378
0-342
0-404
0-355
0-333
0-3654
0-403
0-424
0'446
0-438
0*188
0-2043
0-1827
0-2632
0-3090
0*2524
0-3062
0-2596
0-2686
0-2149
0-2337
0*2311
0-3814
0-3439
0-3036
0-3224
0-2043
0-2875
0-3036
0-3654
0*1504
0-5426
0-591
0-666
0-3116
0-2122
0-1907
0-5266
0-2860
0-634
Organic
Nitrogen.
0*0517
0-048
0-0465
0*0344
0-0256
0-0245
0-0334
0-0301
0-0256
0-0238
0-0236
0-0163
0-0112
0-0168
0*0276
0*02346
0*0145
0*0188
0-0188
0-0168
0-0138
0-0148
0*0145
0-0208
0-0172
0-0136
0-0185
0-0083
0-0164
0-0169
0*0230
0*0310
0-0544
0-0738
0-0742
0-0412
0-0177
0-0170
0-0660
0-0250
0-0942
•Hi,
m\
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